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Abstract of JP2001048517 

PROBLEM TO BE SOLVED: To obtain a 
clathrate compound expected for application to 
a highly efficient thermoelectric material having 
a performance index exceeding 1 so as to 
satisfy three conditions such as a high thermal 
conductivity, a high Seebeck coefficient and a 
high electroconductivity. SOLUTION: This 
clathrate compound consists essentially of a 
clathrate lattice consisting essentially of atoms 
of a group IVB element of the periodic table 
such as Si or Ge, at least one kind of doping 
atom in groups IA, MA, IMA, IB, MB and 1MB 
atoms of the periodic table included in lattice 
gaps of the clathrate lattice and having a larger 
mass than that of constituent atoms of the 
clathrate lattice and at least one kind of 
substituted atom in groups VA, VIA, VIIA, VB, 
VIB, VIIB and VIII atoms of the periodic table 
substituted for at least a part of the atoms 
constituting the clathrate lattice. 
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[0 0 3 5] ^^2»l«v'J3>^7Xb-h 
3 4£1*&-r£S i 2o^7X 1/ — h 1 \ co 2 ai^^f h 
40 S i 24 ?vXU-h 1 2CD6 d^^f 

9c<om 1 Hjfe®«a>»^t S i J: 0 i>gl^^ 
ftiilWffSlAjK. I IAK, I I IAI, IB«, I 
I BM. I 1 I B«©^m*©R^ WtfBa#F 
-t>/SntW, Ktc. y'J3>^7Xl/-h34 
^«^ci-^ S i »#5t©» 1 

«aVBl, V I BJ§u V I I BE VA«, 

v i as, v i i ai, vim BWH*rn*©«^ 
>^7xi/-h ft^^io ^rt)jt©»i mmmco > 

50 'Jr/^x^ hYt^<h(t|«{c^a«3f4^ LTOS 
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[0 0 3 6] r& 3 mmrnrn j b 8 (i*^ k# « v 

nVy-^XU-r <t^3W&«Wf4?rffl l^TM $ tltz 

ggOT^a^- v^-^3 Oti. ±T(C&PaTLT*t[S]IEg;* 
tifcMifflSS3 U 3 2 ©Rale. pM»ttttW|^S 
Wftj^&tt-saftfflJKlWiS^ 3 3 fc. nM«tt«OTMa 

scums** i ma&mm? 33,34 »tj»»^-5 l 
gamist^ 33.34 o>±m*£>i L&mxmznmfii 3 

cttlfc£ nT^troill? *WJtg**£ ti* «fc o ic« 
&©an«3 5. 3 6T?«tt*nr^*. ifc. _lt© 
mtem<»m®(Dmmm¥3 3-, 3 4-©o^ -ai© 

JSSPro&iMt^ 3 3lc}£KBB*&3 7#. fluaottSoft 

a*? 3 4 (cjgasift3 8*^n-Fn^^nr*fig$ 

ntO^. ^«IT*B5IBnScOiatt^3 4 tfjfcfcSa*© 

[0 0 3 7] 0 8(C^-r«^OT^«^v3.-;U3 Oti. 
12 9 (a) icijrf «fc fc±»ffl«>««« 3 6fJ$rAD^-T 
*3iT?8M*E*3 7, 3 8»P B ^iCft^t LT©{g{)i3 

9 ft if &&R L T®mielg& 4 1 ^r«fiK L T < & If . 
SH«3 6ffl*fft©«l»T*P«lL, ffi®«3 5fflJ£fifc£& 
ffl-T * C T&OSIft 3 7. 3 8 RlCttttS i; * * 

SEC lastcjjV^HMI^vjL— ;U3 Oli. El 9 
( b ) tcijcf «fc o tc&^ESg 3 7.38 izmm 4 0 

«S« 3 6 fflK-OSUWlfWi 4(t "5 C t . T««© 
*S« 3 5 MtrXMMa: LT5fewqa^fFffl(c «fc o T^S 

[0 0 3 8] miZpMommm^z 3 ^sds-t* 

l^Tfi. y'j3>?7Xl/-HSfO- SB^P^Wl^p 
T-gg| U vU3V?7X U— r <DJHiP<D— SP£ 5 

■e, i~3 mom*. mz.a. mn^m&w 1 ~ 3 <@-r- 

I Aft. I I Aft. I I I Aft, I Bft. I I B 

ft. 1 1 1 Bm^-fti^om^r'Sik-t^t, *<wp 

IZ&Z 1 ~3fflrofflB^(iy-vXU-h£lg|5St-f -5 I V 
[0 0 3 9] Hui5&ft©ggl7E3l©o^. {fc^5&£fi£ 

Liv^^nti^i 1 1 BmomT&mbftt. l< . 

B, A U Ga, In, Tl ©'>*£< i: t> lMt.tzli2 



(7) ^2 0 0 1 -4 8 5 1 7 
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IHIWJL^. fftOgSS^ti. I BftEl^iLT 
Cu. Ag. AuSr^tSCtm, I I Bftfi^ 
tLtZn, Cd. Hg^r^-r-SCii^-e^-So 1E(- 

Cs, Fr, I IAl©Be, Mg. Ca. Sr. B 
a. Ra, III AlOSc, Y. JsfJ-r VnMt 
LT> La. Ce. Pr. Nd. Pm. Sm. Eu. G 
d. Tb. Dy. Ho. Er. Tm. Yb. Lu. A 
c. 79* J4 h'TtmtLT. Th. Pa. U. Np. 
10 Pu. Am. Cm. Bk. Cf. Es. Fm. Md. N 

[0 0 4 0] $fe©->';3>^vXU-rt&^tC^LT5fe 

? <D— gpjc* ?r±IE7c*T-Sg|-r -S. c t r p M<D v 'J ^ 

Cf. SfeiE-r *SB»« t J: 0 > 'J n > 9 7 X 

U-H4 6 ffl^lcjULTB a 5rftA$-a-. S i O— SB 
£A 1 T-ggl-r-SC^-e. i^y'j3>?7XU- 

20 <t 0. t4fg#.S(-*J^T 7 OOKtLO 1 Zm&Zt 

mmttm^fmm?* 3 «r»jg-r*it*«-e**. - 

«k 0 . p SfflitI? 3 3 1.0 1 a>m 

pa < mm®. 1.05 (DmnMPtx-mm-z z t 
omm* v ^ - )v $r t# ^ c t &x § -i> „ 

[0 0 411 010 tt*56^«)J»**m«:ffli^5fi«X 
^ v y-CO— ^J$r^-rtK)T*. CW0lJO?iax^ y y- 5 0 

*><< >t-yx^5 1 ©7l-JSSP«-. elro^ity'i- 
^ 5 2 $ n. 513^6 ya-^5 2 W^gpffiiJ IC Z tl 

Ti>T. i >*;U5 1 cDF«ggP5r8ftn^»Sfm*"XOT 

i^^^'jffl Lxmrn^in z.ttfx%&±n \mm.ztitz 
t>c>x'$>&. zcommmm<o^.m^9~y azis^xh^c 

40 [0 0 4 21 33 T-JiiT!;: . «W«©ttSHB« tUT 

£ffl3tt*tt*fetgR (zt) (c-^^ruiBfl-r-i.., 

*40ttffi(±. M«DE«ra, itffim«r/3i: 
•T-Ixt:. Z = aV/cp - ( 1 ) xCT-^ft-i)., $. 
fc, II 9 a -;U©etgJiStt±. Z Pn = 

(a„-a„) 2 / (/c„p„+/tn/5n) 2 — (2) &X 

h-Tc) • { (M- 1 ) / (M + Th/Tc) } - ( 3 ) 
50 5C. M= ( 1 +Z (T h +Tc) /2) 1/2 -(4)5t 
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[0 0 4 3] — mmftm<Dm±$mmm±. ^ x 

= (Th/Th-Tc) • { (M-T h /T c ) / (M + 

i ) } - ( 5 ) nx^tsti, mmi)umx*i*<f> max + i x 

< S^iPSJKSti. AT max = (T h -Tc ) ■« 
= (1/2) -ZT 2 C - (6) s:oHffi*<i56n*. 

[0044] g«?s£p • tm&* ^<sa 

^iBJKM (T h -Tc) ^ 1 0 0K©*lT?ipiJffl*n4 

i 0- 3 K- i «±©i)O^s*$nTi^o — 

mm^^-r^tK m*mz^i&mmmz&^x 
mtzZo z<D&mm%t;z<Dmj<mzT& 1 ^m^^m 

it, m&<Dt Z?>, GeTe-AgSbTe 2 X$> 0 > fft 
0^«ff(iZT^ 1 J: 0 Mfii^I^to 01 1 

§AIZT= 1 £jHx.*t>0>fcU P S-eti6 0 0 -90 
0 KOSJKISBt-fc^TG eTe-AgSbTe 2 O^T 

I^OR^SftttHfcfc^TS i Ge (GaP) <0*>if> 

[0 0 4 5] in«C»LT*JS*(C«*Jtt*«*4T*-6 
ftfclf. ^©fl*«fr&fcW&frtt£'5t;:ZTj&< 1 £ 

[0 0 4 6] -tf — ;.y ^^atcoi>r|Ji0^-r^ o 

09 (b) fwTtii^va- ;M£*5l>T«SS4 0 frb 
tt\)J5falzn$t%ffi-?t, «^@B4 2 (cm^ I #8ftft 

3 4 a n . pS*f©^ 

«yy*S:i&£a p . WSO-tf-^v ?«RS:a^n 

Qd> = (-a„-a m ) T c I + (a m - a P ) T c I = 
- (a n +a P ) T c I 

Q C p(i> Q C p=aeTcIi^l)o dOj: o^S^v^ 
[0 0 4 7] 
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«4ftl\ Ba<hSi<hP£Ba:Si:P=8:26: 
2 OOfflj&tt 0%?%) lzt£&£ J )lz J £ti-?ti<Dffl3i$: 

0t^2 4^F 0 1Mtl)fI»l»L > JEKZfl)? 
««Ma(c^«i«ae«jS:¥i^«aS l 0 0 zzm(cft£<J: 

•9(-^l. ^n«ry-7Xv«as«i»c^(tT8 5 ot 

10 X 4 0MPaOE*T3 0^77X7^1/:, f#^n 
/btt«©iaaS»S:XliigSrUfclS*^ space group : P 
m_3_m origin at 4 _3m JgS^flrWH-CiP 
m_3_m<7) 3 0>±tc4-— v>f >xmiZ£tl&V>&mft 

cf*) . tt^^si o. 5 Avmmz^-t&isv n> 

^7XL/-h4 6 Ba 8 @ (S i 26 , P 2 o) 

fc c ifc, i^g^7 0 0 K 
(ZT) *8B£L:fc*£». 1 £iS;i<£> 

ffi^ i.05 -efc^^^^iignc^^t^ 

20 [0 0 4 8] H«KcXa«:ffV^ B a : S i : A 

1- 8:2 6 : 2 0 (Dim.it £fc-&J=SK* 

^7XU-h4 6 Ba«@ ( S i 26, A 1 2 o) J £f# 

tZZ, 31 lCSiBaAl ^7XU-h<t^ft©» 
*T?***"tt*BJB & 1 . 0 l©in/:i^L/:o J^±C0 
y'Ja>;7XL/-h46 B a 8 @ (S i 
26 , P 2 o) ^^ifffflTnl^ili^^S^L, ^ 
30 'j3>^7XU»h46 B a«@ (S i 2e , A 1 2Q ) ft 

[ 0 0 4 9] 

Ht^Kcfcfttf. «*Wtt»?36«S i ifcttGefO 

S Wf a i v b «© ? 7 x u - h -e* o , .0^7 

ft^OflSPl;: ^7Xb-h f§?«$OT* J: 0 t 
ItSO^t^^K-b'V^^nT^^O-e. ^7X 

40 is-b&?<Dm®twfflznxmKmmm< znzt 
^««i^n/^7xi/- Kb^»**«-r-s 

^<hLTS i &&l^±Ge£;ffiRU K-tTV^R?*: 
50 tS?^LT, vyn>^^xU-h 4 6**l^>«3 
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>77XU-h 3 4 ZmfcTr&ZtWT'ZZ. 
[0 0 5 0] *^BflO|^««l4(-J:n(i, 

s i itzitGemcommmmi vbjscd^x 

u-MS?r-feO. c: © ? 7 x u— h te^ 1 roftasic ? 7 
>^$tiT^^ror% y-^xu-ht&^coffit&^pfaj;* 

MlcSfe^n^^i: LT-tf — ty y-&gC#[S]±£ttfc 
Ty-^XU-ht&^flfj&TEjfstLTS i $>-S>l>(±Ge£ 

fSBfllcfc^T ?7^1/- h t Lt« v 'j 3 > ? 7 X 
[0 0 5 1 ] #SPfl(C{&£7 7XU-Ht-&$);fc-I>^(± 

[0 0 5 2] sE(-HijlB«fiErogn/=I^W*4d^nMto 
&J*j£ L ->* a - £ <c h 

[0 0 5 3] Wlz*&Wlzis^X, plfflUtifCi 
)$tt#4<fc LT. I V B1feyi.M<Dffi-?&3ifot LX£z& 9 
7XU-Hg?t, IAI, I I I IAI, I 

B®u I I I I BlgWfl^cD -5 tt> 

XWfDY—V^TWfrt* IA1, I IAflk I I I A 
I Bl£. I I Bi£. I I I B^roj^OT -9 

<tt>\ mo>E.&mirtkz.#.k Lrts.*imttft&m 
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[0®C9f§i|i*£i&BB] 

[01] 0 1 (±*f£Hfll;:&-5> y'j3>77^ U— h-ft 

[02] 02(i0 1 (C^-r->'J3>^7XU-h{t^- 
t)^a57>«^*fi:i:^-SS i © 1 2B#©S izo^X 
? <>: S i © 1 4 ffi&© Si 24 ?7X3' $r^-r«3EC0. 

[0 3] 0 3 ff^fgBJlKtf -5 y'j3>?7X b— Mt 

10 [0 4] 0 4 y 'J 3 > ? 7 X b - h {t 

fcflfci£;iVf¥ii0. 

[0 5] 0 5li#fSBJ!i;:#-&->'j 3>?7XU-hft 
^©g^SgJate^© 6 d-9--f HcBaH^^ftA^ti 
fc*i§*7jrf¥II0. 

[0 6] 0 6 {i*^Bfl(ctf^ ->'j3>?7X b— n't 
U 3 > 9 7 X U- h 3 4 ©SSH 

«il**-r«5t0. 
[0 7] i 7 tti 6 Cgfy 'J 3 > ? 7X U- h 3 4 
20 <D&ftmf8MtiLtt£&S i CO 1 2®#©S i 2 o^7X^ 
<h S i © 1 6®#©S i 2e ? 7 X * $r^-f^5t0. 
[0 8] 0 8(d*S8Wc<***«*^*ffl^T*dt3 

[0 9] 0 9 (*0 8 ic^tssn* ->* ^ -jw&mmm 

09 (a) C4JKl«RJE4:£i;Stf*» 
^©«fiSc0. 0 9 (b) (±qS^ffl*ec-r«^co«fig 

0. 

[010] il0ti*^i:i5ii ; E-/a-;i't^ 

mx ? -y y* lcffllVc0IJ£^Vf»rffi0. 
30 [0 11] S^(Op9M«tm2:^|gi^(^«M«tt 

[012] fi£3fc© n SMftttttft i: *¥&W lc# 4 

[flF^©!^] 

1 -v 'J n >?7XI/- Mta^. 2-S i 2 oy7X 

3-Si 2 4?7X?, 1 0-v';3>^7XU-h 
3 4, 1 1— Si 2 e?7X?, 3 0-iltya-Jk 
3 3-paM«K?, 3 3 5.36 

3 7 . 3 8 41,42 
40 S&. 5 0 -?§3X ? y 5 2-«Htya-A. 



(12) 
[012] 



WH 2 0 0 1 - 4 8 5 1 7 




7D> h^-y(Oi§ 

(7a^H^^ (72) pg^ mm 

m^ajfCEMtffETB 1 #15-1- WHS W^JHSJ?*m^M 1-16-1 

S®fiXlS«xC^±m^ >y^7'J>7 F (##) 4G072 AA20 BBOi BB05 GG01 GG03 

-fe>?-ft HH01 JJ07 JJ08 JJ09 LL03 

MM01 MM02 MM26 MM37 QQ03 
RR13 UU30 



